The Mikania laevigata (Asteraceae) is a Brazilian medicinal plant used to treat respiratory tract diseases. It is produced on a large scale for phytotherapic formulation. No studies on the endophytes of Mikania laevigata have been described in the literature. The endophytic fungi isolated from the leaves of M. laevigata cultivated in a floral garden located in the south region of the Bahia state, Brazil, were investigated. After surface disinfection, the performing the isolation procedure, a total of forty endophytic fungi were obtained and grouped into different morphospecies. The fungi were characterized by molecular sequencing the ITS rDNA regions, and they were identified by comparing the results published Gen Bank sequences.The phylogenetic analyses revealed four major clades of fungi from the sequenced ITS-rDNA regions: Nodulisporium sp. (3 isolates), Hypoxylon sp. (3 isolates), Daldinia sp. (1 isolate) and Xylaria luteostromata (aunique isolate).The Xylariaceae Genus was the dominant group of fungi associated with Mikania laevigata.
INTRODUCTION
Brazil has a long tradition of using raw vegetable materials in folk medicine. Mikania laevigata (Asterceae) is among these material. It is popularly known as "guaco" and possess pharmacological properties for treating the airways [1, 2] . M. laevigata also possesses antimicrobial, [3] inflammatory, bronchodilator, antispasmodic, antirheumatic and antiulcerant activities [4, 5] .
Endophytic fungi are a class of microorganisms that live within plant tissues during at least one life-cycles period but do not cause overt symptoms of disease [6, 7] . The intensity and diversity of the endophytes in the host plant are related to the age of the plant as well as the geographical and climatic conditions but vary according to the specific type of host and tissue [8] . Studies indicate that many plants depend on fungi for their survival, especially in stressful conditions [9, 10] . Plant in a natural setting host one or more endophytes and the recent increase in isolated endophytic fungi and the investigation of the symbiosis between plants and endophytes have created new perspectives on plantfungal chemical interactions. Endophytic colonization can bio-produce numerous secondary metabolites that provide protection against pathogens, herbivores or abiotic stress, aiding the survival of the plant. Thus, the endophytic fungi have also been recognized as important sources of natural bioactive compounds [11] [12] [13] .
No studies on endophytic microorganisms and M. laevigata have been described in the literature. This study shown the isolated and preliminarily identified endophytic fungi from the leaves of Mikania laevigata by sequencing of the ITS region as an indicator of phylogenetic relationship.
MATERIALS AND METHODS

Collection of plant material
The Mikania laevigata was collected in a floral Garden located in State University of Santa Cruz (UESC), Ilhéus, Bahia State, Brazil. The gathering was held in September 2009. Three plants were selected for the withdrawal of healthy leaves. From each plant, five leaves were collected, totaling a sample of fifteen leaves which were immediately subjected to endophytic fungi isolation.
Isolation of endophytic fungi
The surfaces of the leaves were disinfected according to the method described by Maitan, [14] with several modifications. The leaves were washed thoroughly under running tap water and were then submerged in 70% ethanol for 1 min and 3% sodium hypochlorite for 5 min, successively. The leaves were then rinsed in distilled water for 1 min (3 times). The apex and base of each leaf were removed and only the central portion of the leaf for analysis. The leaves were cut into 5 mm x 5 mm segments using a sterile scalpel. The leaf blades were macerated with 6.0 ml of sterile 0.5 M sodium phosphate buffer and 100 µL of this extract was spread onto four different culture media: PDA, Sabouraud, ISP-2 (Agar yeast extract-malt extract) and oatmeal agar supplemented with chloramphenicol (100 µg/mL) and Rose Bengal (25 µg / mL). Five replicates were performed for each medium. The plates were incubated at 28ºCfor fifteen days. After the twelfth day of incubation, small pieces of agar containing the newly developed fungi were transferred to plates containing PDA medium to isolate and purify the colonies. The fungi were purified by successive samplings. The fungal isolates were stored according to Castellani (1967) [15] .
DNA sequencing
The 40 fungi isolates were grouped as morphospecies based on the culture morphology. The isolates were grown in 1 % malt extract broth and agar for two weeks at 28ºCin the dark. The DNA was extracted using the method described by Doyle & Doyle, [16] with some modifications.ITS5 and ITS4 primers were used to amplify of the ITS regions [17] . Amplification was performed in a solution (25 µL) containing the following components: 1 x PCR reaction buffer (100 mMTris-HCl), 2,5mM MgCl 2 , 0,2 mMdNTP, 7.5 pmol each oligonucleotide primer, 2.5 unit of Taq polymerase (Phoneutria, Brazil), 1M Betaine,1 µg of BSA, 2 % of DMSO and approximately 1 ng of genomic DNA, and sterilized, deionized water.
The thermocycler program was as follows: an initial cycle of denaturation at 95ºC for 1 min, followed by 35 cycles at 94°C for 1 minute (denaturation), annealing at 60°C for 90 minutes and extension at 72°C for 2 minutes, and a final cycle of extension at 72°C for 10 minutes. The PCR reaction products were examined by electrophoresis on 1% agarose gel, and the concentrations of these products were estimated by comparing the band intensity with the intensity of the bands of the low molecular mass DNA marker (Invitrogen). Analysis and photo documentation of gels was conducted using the Kodak 1D 3.6 program. The purified PCR products were sequenced on an ABI 3130XL automated sequencer (Applied Biosystems).
Identification of isolates
Electropherograms were edited using the Staden package (modules PREGAP4 and GAP4) [18] . Sequences were submitted to BLASTn, NCBI (www.ncbi.nlm.nih. gov/blast) to obtain close matches from Genbank to be included in the matrix, and aligned in Clustal X v. 1.81 [19] . The matrix was then manually adjusted by comparing to other sequences obtained from GenBank.Two distinct phylogenetic analysis were performed for a comparison of topologies: Maximum Parsimony (MP) and Bayesin approaches. Maximum Parsimony was carried out using PAUP 4.0 [20] , with the following criteria: heuristic search with 1000 replications of random taxon addition, TBR algorithm, saving ten trees per replicate. Branch support was evaluated through character bootstrap [21] , with 1000 pseudoreplicates, simple addition of taxa and TBR algorithm, saving 10 trees per replicate. Bayesian analysis was conducted using Mrbayes 3.1.2 [22] . The evolutionary model and the prior distribution of probabilities were selected using AIC implemented in Mr Model test 2.2 [23] . Bayesian analysis consisted of two parallel runs with four chains each sampling trees in each 100 generations for 5 x 10 6 of generations. The remaining trees were used to construct the majority consensus in PAUP 4.0, which allowed estimating a consensus tree and posterior probabilities of clades. The data generated were deposited with the Tree base ID 11520 and the number sequences JN051356-JN051363 in the Genbank. All specimens were deposited in public collection (Culture Collection of Microorganisms from Bahia -CCMB).
RESULTS
We isolated 40 endophytic fungi from the leaves of Mikania laevigata, and 13 morphotypes were selected according to the morphological characters of the fungi. The IT Sr DNA region was sequenced for all morphotypes, and the endophytes were identified by comparing the resulting sequences with the published GenBank sequences. Table 1 shows the endophytic fungi identified from M. laevigata. The amplification products of the ITS region generated a single fragment approximately 600 bp in size.
The sequencing of the PCR-products yielded 595-677 bp of informative sequence. The bayesian topology including all of the sequences obtained in this study showed the diversity and the phylogenetic placement of the endophytic fungi associated with Mikania laevigata ( Figure 1 ). Species of Neurospora crassa M13906 [24] were selected for an out-group based on phylogenetic relationships. The ITS alignment consisted of 8 sequences generated from this study and 41 sequences obtained from GenBank. This ITS alignment consisted of 750 characters including alignment gaps, of which 91 were variable.
How was it obtained a high percentage of endophytic fungi in Xylariaceae were selected isolates that had different morphological characteristics (as morphotypes) for sequencing of the ITS-rDNA region. These were made a selection of 8 endophytic fungi in Xylariaceae. According to the topology (Figure 1 ), the phylogenetic reconstruction showed the formation of four clades were assigned where the endophytes of this study. The Bayesian Analyses showed that these endophytic fungi possess a higher identity to the genus Nodulisporium, Xylaria, Daldinia and Hypoxylon (Figure 1) .
The isolate FEX13 shown to have a high identity with Xylaria luteo stroma GU324739 supported bootstrap 100%. The isolate FEX7 showed high similarity to the genus Daldinia. FEX11, FEX2 and FEX8 to Hypoxylon, FEX 5, FEX1 and FEX9 to Nodulisporium. All these clades showed a high statistical support bootstrap value above 90%.
DISCUSSION
The aim of our study was to characterize the endophytic fungi associated with Mikania laevigata, a medicinal plant that has important therapeutic properties. The Xylariaceae was the dominant group of fungi associated with this plant, including species in the Xylaria, Hypoxylon, Daldinia and Nodulisporium genera [25, 26] . The endophytes were identified based on rDNA ITS sequences. Several fungal ITS primers, such as ITS4 and ITS5, were designed to amplify the fungal rDNA from a variety of samples [27] . The phylogenetic analyses revealed four major clades containing fungal sequences. By sequencing of the ITS rDNA region, The endophyticxy lariaceous fungi isolated in this study are widespread and have been found in many different medicinal plants. Fity-two endophytic fungi strains were identified from Huperziaserrata based on rDNA ITS analysis. Several isolates belonged to the Hypoxylon, Daldinia, Xylaria and Nodulisporium genera [28] . In Nothapodytes foetida, Nodulisporium species were identified using 28S DNA sequencing [29] . According to Huang, [30] Xylaria species are the dominant fungal endophytes in the genus Artemisia (Asteraceae). Linnakoski [31] isolated and characterized endophytic fungi of the genera Xylaria and Hypoxylon from Khayaanthotheca cultivated in Ghana.
The Xylariaceae fungi area rich source of secondary metabolites, including the sesquiterpenexy larenal obtained from Xylaria persicaria, [32] xylactam, a nitrogencontaining compound obtained from fruiting bodies of X. euglossa; and xanthone derivatives obtained from Xylariasp [33] . The xanthones area class of natural products with several pharmacological properties, such as anti-inflammatory, [34] antimicrobial, [35] antioxidants, [36] antifungal [37] and anticancer activities [38] . In addition, crude extracts obtained from the fungi described here were evaluated against four Salmonella species, and all of the fungal extracts showed antimicrobial activity [39] .
CONCLUSION
The present investigation contributed to the scientific knowledge of endophytic fungi present in a species Mikania laevigata. The molecular parameters presented in this paper revealed four major clades of fungi from the sequenced ITS-rDNA regions: Nodulisporium sp., Hypoxylonsp, Daldinia sp. and Xylaria luteostromata. The Xylariaceae genus was the dominant group of fungi associated with Mikania laevigata.
